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(54) 3AEKTPO/IHT H/IH OCA>KjaEHMH nOKPblTHfl 
CnAABOM HHKE/lb-4>OC<t>OP 



I 

H3o6peTeHHe othocmtca. k 3neKTpon&*- 
THHecKOMy oca>KneHHio noKpwTHft cnnaaa- 
MH, B nacTHocTH ciuiaBOM HHKenb-4)Gc4op. 

MaBecxeH aneKxponKT an$i ocaiKfleHKH 
itOKpbiTHft cnnasoM KiiKe/iB-4)oc4)op, cone|>- 
xaiuHft cynb4)ocoeaMHeHHe HiiKe/ia 
(cepHOKHcnbift KKr,e«fa) - xJiopHCTWtt hh- 
Kenb. opTc4)OCi|)opHyio h 4Kx:4jopHCTyK) khc- 

JIOTbl 

HaHHWft 3JieKTpCUlHT. XOTH H noSBCMIfleT 

noJiyMarfa TBepnsie HOHococroftKHe noKpbi— 
THH, HO npH ra/ibBaHoruiacTiTHecKOM aapa^ 

UlRBaHHK OTHOCHTenbHO TOJlCTblX OCaUKOB C 

coaep>KaHHeM 4Kx4>opa 10-11% He yaaex- 
ca nonyHHTb KanecTBeHHUx npeuHaHOHHbix 
HaaeAiift c MHoroHncjieHHbiMH Ma/iopaa- 
MepHbiMH aneMGHTaMH. tbk Kak HaGmoaaeTw 
CH sHaHHTeafaHafl aaresHH k nonnoxKe. 

ripea/iaraeMwft d^eRTponHT oTiiHHaercfl 
or HSBecTHoro tbm, hto, c uenbio noBti-* 

UieHKSI (})H3HJCO-MexaHHHeCKHK CBOftCTB HOK- 

phrr.Hft, OH HononHHTe/ibHO coaep«HT (Jkx?- 
4)opHOKHcnwft UHHK. & B KaHBCTBe cynb- 
4ocoeaifueHHsi HiuteTiJ! - cy/ibcjaMnHOBOXHC- 



10 



IS 



120-140 
45-55 

185-215 
35-45 

0.025-0,150 



Abift HKKejib npH cneayiomeM cooTHouieHHH 
KOMnoHeHTOB, r/n: 

CyJIl4)aMMHOBOK«CXIblft . 

HHKenb 

XjlOpHCTblft HHKenb 

C^TotocclJopHaH 
KHCJiora 

<t>oc4)opHcraH KHCJiora 
<I>oc4)opHOKHcnwfl 

3&ieKTpoJiHT roTOBHT cjienyiomHM o6pa— 
30M. ripeaBapHTenbHo rOTOD«T BoaHWfl 
pacTBop conn MapKW XH cyjib(l)aMHHOBO- 
KHcnoro HHKena h k HeMy nooneaoBaxenb- 
HO flo6aBiiHioT xnopHCTbifl HHKenb, opTO- 

4X)C4)OpHyi6 H (|)Oc4)OpHCTyTO KMCnOTbl, UHHK 

4)OC(})opHbKHcnbift. riocne nero pacTBop 
(JittnbTpyioT* 

B KanecTBe KaronoB Hcnonbayrar Meat 
if HepjKaBewmyio crranb, a b KanecTBe 
anoaa - HHKenb MapKw MIIAU. 

ripouecc ocaxcaeHHfl j>eKOMeHnyroT npo- 
BoaHTb npH'pH 1,2-1,6. rcMneparype^ 
70-7B*^G H onoTHocTH TOKa 30 A /am . 



ilo6a&neHne 4)oc({>opHOKKanoro uhhks 
yBejiHHHBaer CTa6H/iBHocrE> SJieKxpoJiHra, 
Koropasi onpeaertHerca nponon»cHTejiB— 
HOCTbio 3JieKTponEf3a B 1 A/h H o6yc/iaB— 
nHsaer Meatuiee cuenneHae co crajij>Hoft 

C»CHOfiOfi. 

KpoMe i|*t>c<f»opHOKHOToro * UHHKa onpo6i>i— 
BaioT apyPHe aoCaBKn: cojih HEuceM, homu 
aneMGHTOB mejioHHtJx MerajiJioB h ap., ofl— 
uaKo finoTUbie SecnopHCTtie ocafisM yaa— 
iiocs nonyMHTfa ronbKo c 4>i?c4iopHOKHc;ifcrM 
UHHKOM. ripH npeBfcimeHKU ero KOHueHrpa*- 
UKif B CocTaBo 6cwiee 0,15 r/n Ha6jnoaaeT- 
cfl pacrpecKHBaHHe ocaaKoe b peayjibTare 
B03oacTaHiifl BuyrpeuBHx HanpflxceHuft, a 
npH CHiOKeRHif Meaee 0,025 r/n b^^kt 
CTa6jinfcHocrn cnjibHo yMeHfaiuaeTca. 

KoHikeirrpauufl coneft HUKe/rn o5ycjioB— 
jieua onTHMajzbHoit cKopocTBio HapamHBa«- 
HiiH H nonyneHHeM kaHecTBeHHwx noKpbiTHfl. 

KonHHecTBa bpTO(})oc(j)opHofl h {})oc(J)opHc— 
Tofl KHC/iOT o6ecneHHBaioT onTHMajibHbie 
coaep«aHHfl (Jwcctjopa b ocanKe h bbixoa tio 
TOKy; 

Q Ta6ji. 1 npHBeaeHbi HasecTHbiiJ h 
npfeonaraeMwil cocraBM sJieKxpcwiHra; b 
raSn. 2 ^ 4»K3iiKo-MexaHHHecKHe CBoftCTBa, 
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HenocpeacTBeHHQ nocne ocawiaeHiui na 
pacTBopa aroMbi Httxejia h (jx>C{j)opa, o6pa— 
ayioiuHe c/ioft, npeacxaBnaioT co6oii Mexa- 
HKHecxyio cMecB, ^cBMa ejia6o CBHsiaKHyK) 
c MerajuioM noaaoHcKH, hto noaBonser uih— 
OOKo ticnoni>30Barb npeftjioxeHetrft cocraB 
oca>KnaeMoro cnaaBa HBKaitfa-<})oc<|)op ana 
noJiyneKHH caMocTOHrenbHwx geraji eft c 
Hcna/iB30BaHHeM npueMOB raJiBBaHonnacTKKH. 
TaepaocTb h cooTBercTByiouxafl itpowoCTb 
cueruieHHH c ocHOBabiM MerajuioM npHo6- 
peraercH ncxxne nposeaeHHii cooTBercTByio- 
mefi TepMoo6pa5oTKH, hto aaer BOdMQ%-» 
HoepB Hcnoiib30Barb cnnaa b rajibBano- 
cxerHii b KanecT&e noKpbiTHfi c noBbnueH— 

HblMH KOppOSHOHH&IMH H H3HOCaCTOfiKfiIMK 
CBOftCTBaMH B XHMHHeCKOft H MaUlHHOCTpOK— 

TeJifaHofi npoMbiimieHHocTU, a raiuKe b hhct*- 
pyMeHTanbHbix xoaaftcTBax npeAnpusTHfi 

paanuHHbix MUHHCTepcxB h aeaoMcxB saaMeH 

XpOMOBOrO nOKpblXHfl HHCXpyMeHXaTIfoHOfl oc— 
HaCXKH. 



10 



15 



20 



25 ^P*' HCnonb30BaHHH nOICpblTHfi CIIiiaBOM 

HHKejib-<t)oci})op ansi xoHxaxxoB KepaMHHec— 
KHX luiax Boapacxaex Bbixoa roanux 
yanpB. 

Ta6jiHua 1 



CocxaB 9neKxp<wiHxa» 
r/n 


HasecTHbift 


Hpea/ia raeMbifi 


1 


2 


3 


Cynb(|jaMKHOBOKHc/iwft 










HHKenb 




120 


130 


140 


XjIOpHCTblft HKKeJIb 


45-50 


45 


50 


55 


Opxp4)OC4)OpHaSI KHC— 










Jioxa 


50-200 


185 


200 


.215 


4>c>C(j)OpHan KHcnoxa 


l,3-40 


35 


40 


45 


<l>(>C<j)OpHOK HCTIbl ft 










UKHK 




0,025 


O.05 


0.15 






T a 6 


n H u a 


2 


Pe?KHM H pe3y,nbxaxbi 


HaaecTHbCft 




rTpeaiiahaeMbift • 


3neKTpcwiH3a 












1 


2 


3 


•TeMnepaxypa, 


oiS-l 1,2 
90 70-75 


1.4 

70^75 


1,6 
70^-75 
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PeHCHM H pe3y/it>TaTbi 


HasecTHbil 


npeanara sMbift 


3JieKTpOAH3a 




1 


2 


3 



A/fli^ 30 30 30 



30 



M HKpOTBepflOCT B, 

AO. TepMoo6pa6oTKM 

nocae TepMOo6pa— 
60TKH 

BHyrpeHHwe Hanpa^KeHHsi, 

KP/CM^ 

CueiweHHe co cra/ibHoft 
ocHcffioft (12X18H10T), 

rTopwcTocTfc, nop/cK/[ npM 
ToncuHHe 4—5 mkm 

TonaiHHe 8— lO 

ConepjKaKHe 4>oc4>opa b 
' cnnaae, % 
Bbixoa no roKy, % 

PacceHsaiomaH" cnoco6— 

HOCTb, % 

CopocT b ocBHcne hkh , 
mkm/h 

CTa6lUIBHOCTl>, % 



515 600 630 650 

850 800 850 950 

350 350 370 350 

11.8 0»18 0,25 0.3 



2,1 
1.4 

10 
45 

46 

70 
50 



rtOpbl OTCyTCTByiOT 

To Mc e 



12 
66 

60 

90 

65 



17 
64 

66 

110 
70 



14 
60 

74 

100 
70 



<t>opMyJia H3o6peTeHHa 

SneicrponHT aJifl ocaMcaeHHH noKpbiTKft 
cimasoM HKKe/iB-(t)oc(l)op. coaepjicatnaft cyAb— 

JjOCOeflHHeHHe HKKeJlJI. XJlOpHCTfalll HHKerifa, 
OpTp4»OC4>OpHyiO H 4)OC4)OpHCTyJO KHCnOTU, 

o T Ji HHarauiHftcH reM, hto, c 
uenbK> noBfaiuieHHfl 4iHaHKO-*€exaHUMecKHX 

CBOftCTB nOKpblTHft. OH aOHOnHHTeJIbHO CO- ' 
aepJKHT 4>Oc4)OpHOKHCJlblft UHHK, a B KaHeCT-- 

Be cyjib4)pcoeflHHeHHfl HHKenH - cynb<t)aMH- 
HOBOKHCJitift HHKBJib npH cneayioaieM coot- 
HoujeHHH KOMnoHOHroB, r/n: 



40 



4S 



CyilMaMHHOBOKHCJlMft 

UHKenB 

XnopHCTbift HHKerib 

OpTO(lK>c4>opHaji 

KHcnora 

<t>oc4)opHCTaH KHcnora 
<t>oc4>opHOici!cnfcift nHHK 



120-1 40 
45-55 

185-215 
35-45. 
0.025-0,150 



HCTOHHHKH HH(})OpMaUHH, 

npHHSTbie BO BHHMaHHe npM 3KcnepTH3e 
1, BaiecnaBOB n. M. SjieKxponHTHHec- 
Koe ocaxcfleHHe cmiaBOB, MaiurHS,- 
1971, c. 66. 
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(54) ELECTROLYTE FOR COATDsfG DEPOSITION USING NICKEL-PHOSPHORUS ALLOY 

The invention relates to the electrolytic coating deposition using alloys, particularly, nickel-phosphorus. 

There exists an electrolyte for coating deposition using nickel-phosphorus alloy that contains a sulphurous nickel 
compound (nickel sulphate), nickel chloride, orthophosphoric and phosphorous acids ^^K 

The said electrolyte ensures obtaining hard durable coatings; however, in case of electro forming relatively thick deposits 
with the phosphorus content of 10-1 1%, quality precise products with multiple fine elements cannot be obtained due to 
considerable adhesion to the substrate. 

The proposed electrolyte is different from the existing one in that it includes additionally zinc phosphate to improve 
physical and mechanical properties of coatings, while nickel sulphamate is employed as the sulphurous compound, the 
composition being as follows (gram per liter): 

Nickel sulphamate 120-140 

Nickel chloride 45-55 

Orthophosphoric acid 185-2 1 5 

Phosphorous acid 35-45 

Zinc phosphate 0.025-0. 1 50 

The electrolyte is prepared in the following way. First, solution of nickel sulphamate of Chemically Pure grade is 
obtained, and then nickel chloride, orthophosphoric and phosphorous acids, zinc phosphate are added one after another. 
After that, the solution is filtered. 

Copper and stainless steel are used as the cathodes, while nickel of HTIAH grade is used as the anode. 

The deposition process should be implemented at the pH of 1,2-1.6, temperature of 70-75**C, and current density of 30 
A/dm^ 

The addition of zinc phosphate improves stability of electrolyte, defined as the duration of electrolysis at 1 A/h, and 
weakens adhesion to the steel substrate. 



Additives other then phosphorous zinc are also tested such as nickel salts and alkali metal ions; however, compact 
nonporous deposits were only obtained using phosphorous zinc. When its concentration exceeds 0.15 g/1, deposits may 
crack due to increase in internal stress; on the other hand, when the concentration drops below 0.025 g/1, the stabilization 
effect decreases substantially. 

The concentration of nickel salts is determined by optimal buildup rate and by obtaining quality coatings. 

The amounts of orthophosphoric and phosphorous acids ensure optimal phosphor content in the deposit, and current 
output. 

The compositions of existing and proposed electrolytes are given in Table 1 , while their physical and mechanical 
properties are given in Table 2. 

Immediately after deposition from the solution, the atoms of nickel and phosphorus making the coating layer constitute a 
mechanical mix with very weak connection to the substrate metal, which allows to widely use the proposed composition 
of deposited nickel-phosphor alloy for manufacturing completed parts using electroforming techniques. Hardness and 
appropriate adhesion to the base metal is obtained after appropriate heat treatment, which allows to use the alloy in 
electroplating as coatings with improved corrosion and duration properties for chemical and machine building industries, 
as well as for tool departments of various affiliation, instead of chromium for tooling. 

The use of the nickel-phosphor alloy coating for contacts of ceramic boards results in higher yield. 



Table 1 



Electrolyte composition. 


Existing 


Proposed 


g/1 




1 


2 


3 


Nickel sulphamate 




120 


130 


140 


Nickel chloride 


45-50 


45 


50 


55 


Orthophosphoric acid 


50-200 


185 


200 


215 


Phosphorous acid 


1.3-40 


35 


40 


45 


Zinc phosphate 




0.025 


0.05 


0.15 


Table 2 


Electrolysis conditions and results 


Existing 


Proposed 






1 


2 


3 


pH 


0.5-1 


1.2 


1.4 


1.6 


Temperature, **C 


90 


70-75 


70-75 


70-75 


Current density, A/dm^ 


30 


30 


30 


30 


Microhardness, kg/mm^ 










before heat treatment 


515 


600 


630 


650 


after heat treatment 


850 


800 


850 


950 


Internal stress, kg/cm^ 


350 


350 


370 


350 


Adhesion to steel substrate (12X1 8H10T), kg/cm^ 


11.8 


0.18 


0.25 


0.3 


Pore content, pore/cm^ 










at thickness of 4-5 mkm 


2.1 




no pores 




at thickness of 8 - 1 0 mkm 


1.4 




ditto 




Phosphor content in alloy, % 


10 


12 


17 


14 


Current output, % 


45 


66 


64 


60 



Throwing power, % 


46 


60 


66 


74 


Deposition rate, mkm/h 


70 


90 


110 


100 


Stability, % 


50 


65 


70 


70 



Patent claim 

Electrolyte for coating deposition using a nickel-phosphor alloy containing sulphurous nickel compound, nickel chloride, 
orthophosphoric and phosphorous acids, characterized in that it includes additionally zinc phosphate to improve physical 
and mechanical properties of coatings, while nickel sulphamate is employed as the sulphurous compound, the 
composition being as follows (gram per liter): 

Nickel sulphamate 1 20- 1 40 

Nickel chloride 45-55 

Orthophosphoric acid 1 85-21 5 

Phosphorous acid 35-45 

Zinc phosphate 0 .025-0. 1 50 

Information sources considered in examination 
1. P. M. Vyacheslavov, Electrical Deposition of Alloys [in Russian], Mashinostroenie, Leningrad (1971), p. 66, 
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